Introduction
In the context of patient safety, quality of care has become of the utmost importance because it is regarded as the variable that has the highest impact for achieving a desired outcome. 1 Thus, it is important to assess and improve the quality of patient care both within and outside the hospital setting. An instrument is needed that can measure performance and bridge the gap between scientific evidence and clinical practice. 2, 3 Standard operating procedures (SOP), guidelines and clinical pathways are such instruments, and the Institute of Medicine *G Bosse and W Schmidbauer contributed equally to this study.
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states that it is necessary to implement these tools in order to provide effective ways of assuring a high level of patient care. 4 Quality improvement and assurance are vital concerns, particularly in emergency medicine, because of the many factors that affect the quality of care in the pre-hospital setting. Emergency physicians are all too often pressed for time to evaluate, diagnose and treat their patients safely in the unfavourable environments of pre-hospital and in-hospital emergency settings. 5 The implementation of guidelines and SOP is a complex task. Thus, the primary aim of the present study was to investigate the extent to which the sole introduction of an SOP, provided in both printed and electronic versions, could improve the quality of patient care in emergency medicine. To improve sustainably the level of performance quality, it is well known that a combination of methods in continuous team training -comprising clinical, management and organizational skills as well as communication, decision-making and leadership skills -is necessary. 4, 6, 7 Nevertheless, it is too costly to train an entire team non-specifically, without knowing precisely what areas and levels of educational training are required. The joint commission for DIN ISO certification (DIN, Deutsches Institut für Normierung; available at: http://www.din.de/cmd?level=tpl-home& contextid=din) DIN ISO 9000 2000 criteria, upon which the SOP used in this study was based, requires that the educational efforts needed for the implementation of an SOP should be assessed. Thus, the aim of the present study was to adopt a stepwise approach. By initially examining the effect of introducing a SOP in the emergency setting alone, a precise estimate of the efforts required for successful implementation could then be made. The study investigated whether the lone introduction of an SOP for the treatment of acute exacerbated chronic obstructive pulmonary disease (aeCOPD) would increase the percentage of patients who received treatment in accordance with the current national treatment guidelines. Adherence to the treatment guidelines for aeCOPD before and after SOP introduction was also analysed.
Patients and methods

SOP DEVELOPMENT AND INTRODUCTION
This study was approved by the Ethics Committee of Charité -Universitätsmedizin, Berlin, Germany, and was performed without an external funding source. In 2007, the German Medical Association for Chronic Obstructive Pulmonary Disease published the National Asthma Treatment Guidelines. 8 Based on these guidelines, and in accordance with DIN ISO 9000 2000 criteria, an SOP was designed for the pre-hospital treatment of patients with aeCOPD (Table 1 ). This SOP is part of the quality management/clinical pathway initiative and consists of three parts: (i) immediate measures; (ii) patient's history; and (iii) extended measures. A staff meeting was held to introduce the SOP to all members of the emergency team (emergency physicians and paramedics). The SOP was made available to all members in both electronic and printed formats.
MEASUREMENTS
Eight weeks after introducing the SOP, 500 Emergency Medical Service Patient Care Reports (EMS-PCR) of pre-hospital treatment were collected and analysed prospectively in an Access databank ® (Microsoft, Seattle, USA). These were compared with 500 EMS-PCR that had been collected prior to SOP implementation. Among the total of 1000 EMS-PCR examined, those meeting the G Bosse, W Schmidbauer, CD Spies et al.
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criteria of aeCOPD were analysed for adherence to the guideline-based SOP. The analysis checked which of the following measures had been performed and documented: (i) immediate measuresapplication of oxygen; (ii) patient's historypre-existing conditions; and (iii) extended measures -inhalation of β 2 -mimetics and intravenous steroids, as well as the option of intravenous or subcutaneous β 2 -mimetics and/or intravenous theophylline in cases of worsening of symptoms. These measures are referred to as 'key indicators'. A guideline violation was considered to have occurred when the key indicators were not performed or not documented. Guideline violations also included situations where medication other than that recommended was given, or when medication was not administered in the recommended order without a documented reason for the violation. Outcome was assessed using three clinical parameters: heart rate; systolic arterial blood pressure; and pulse oximeter oxygen saturation at first contact with the patient and at hospital admission.
QUESTIONNAIRE
All emergency physicians who served on the ambulance during the study period were asked to complete a written, anonymous, questionnaire to test their knowledge of the current national guidelines for the treatment of aeCOPD and, more broadly, to assess their attitude towards evidence-based guideline implementation. Without prior notice, the physicians were asked to fill out the questionnaire immediately and were not 
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given time to prepare. Questions about the SOP-guided treatment of aeCOPD had to be answered actively by writing out a treatment plan, whereas questions about agreement or disagreement with general implementation issues were answered using visual analogue scales (VAS). The VAS had a length of 10 cm between the extremes of answers 'no' to 'yes' and 'very good' to 'very bad'; interviewees were asked to place a mark on the line according to their level of agreement with each question. The quantitative analysis of the answers was performed by measuring all answers and calculating the mean, median and SD. The knowledge questions served to assess whether a violation of the treatment guidelines was due to insufficient knowledge about the guidelines, whereas the more general implementation questions served to understand the attitudes, motivations and reasons for adherence behaviour.
STATISTICAL ANALYSES
The results are expressed as arithmetic mean ± SD, median (interquartile range) or frequencies (% 
Results
ADHERENCE TO THE NATIONAL GUIDELINE
Among a total of 1000 prospectively analysed EMS-PCR, 78 were identified that referred to conditions that met the criteria for aeCOPD; 52 originated from the period prior to SOP introduction and 26 from the period after SOP introduction. Adherence to the national guidelines was 34.6% (18 of the 52 documented cases of aeCOPD) before SOP introduction and 53.8% (14 of the 26 documented cases of aeCOPD) after SOP introduction; this difference was not statistically significant.
SUBGROUP ANALYSIS
In 45 of the 52 documented cases of aeCOPD (86.5%) before the SOP introduction, immediate measures taken to treat the patient adhered to the national guidelines.
Adherence to the guidelines for immediate measures increased to 26/26 (100%) after the SOP introduction, although this increase was not statistically significant. The SOP did not significantly improve adherence to the guidelines in terms of assessing the patients' past medical history ( Table 2 ). As far as the extended measures were concerned, implementation of the SOP significantly increased adherence to the guidelines for specific, but not all, aspects of the extended measures; increases in adherence were found for the use of inhaled, intravenous and subcutaneous β 2 -mimetics (P = 0.010, P = 0.015 and P = 0.014, respectively; Table 3 ). The mean change in clinical parameters such as heart rate, systolic arterial blood pressure and pulse oximeter oxygen saturation between the first contact with the patient and admission to hospital was not significantly affected by the SOP (Table 4 ).
QUESTIONNAIRE
All 17 emergency physicians who served on the ambulances filled out anonymous questionnaires. The results of the general implementation questions, which assessed 
Discussion
The present study demonstrated that introducing SOP alone cannot increase a Emergency Medical Service patient care reports were collected before (n = 500) and after (n = 500) SOP implementation; of these 52 and 26 were identified before and after the SOP implementation, respectively, as relating to patients who met the criteria for aeCOPD. b Fisher's exact test. NS, not statistically significant (P > 0.05). Overall guideline adherence was 34.6% before and 53.8% after introduction of the SOP. This increase was not significant; nevertheless, the increased use of certain sub-indicators, e.g. application of β 2mimetics, was significantly increased after introduction of the SOP. The relevant items of the SOP not successfully achieved by its sole introduction were assessment of past medical history and the correct application of intravenous steroids and theophylline in severe cases. Knowledge gaps were evident: emergency physicians claimed to have a 67% knowledge of the national guideline during self-assessment, but the knowledge level was only 33% when physicians were asked specific questions during interview. The present study demonstrated that the sole introduction of a SOP is not adequate to improve performance quality and sufficiently less so for outcome. It can, however, function as an assessment tool to specify precisely the areas of educational needs as required by the Joint Commission for DIN ISO certification, upon which the SOP was based. As a first step to achieving better adherence, Chapter 7 of the DIN ISO 9000 2000 suggests adapting the guidelines for local use by designing an SOP. This alone will not be sufficient, but it can serve as a matrix and starting point for an implementation strategy, comprising measurements that are tailored to meet needs that have been determined through assessment. Besides the need for additional training, more factors that hinder adherence need to be identified.
TABLE 3: Effect of a guideline-based standard operating procedure (SOP) on adherence to initiating extended measures during the treatment of patients with acute exacerbated chronic obstructive pulmonary disease (aeCOPD) in a pre-hospital emergency situation
Studies in countries such as The Netherlands suggest that, without any intervention, at least 30 -40% of patients do not receive care according to current scientific evidence. 9 Even though it is well known that guidelines and protocols substantially improve medical treatment, there is considerable resistance to changing and adopting scientifically based guidelines in various fields of medical practice. 10 Additionally, partial adherence to new guidelines -where only selected items are adopted -seems to be common. 11 In a systematic review of 59 reports on guideline implementation, Grimshaw and Russell 11 identified 55 cases in which guidelines Data presented as median (interquartile range). a Emergency Medical Service patient care reports were collected before (n = 500) and after (n = 500) SOP implementation; of these 52 and 26 were identified before and after the SOP implementation, respectively, as relating to patients who met the criteria for aeCOPD. b Fisher's exact test. NS, not statistically significant (P > 0.05).
TABLE 4: Effect of a guideline-based standard operating procedure (SOP) on the change in clinical parameters between first patient contact (before treatment initiation) and hospital admission in the treatment of patients with acute exacerbated chronic obstructive
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induced at least one beneficial change in the process of care. The interview data from the present study supported the view that routine appeared to be an important behavioural factor. The results showed that emergency physicians often followed identical treatment patterns that did not adhere to the latest guidelines. In addition, routine practice guided treatment, rather than the guidelines themselves. Physicians often followed outdated practices that had been the standard for treatment a number of years previously. Routine, upheld by the opinion of leaders who use obsolete medical-school knowledge is, according to Oxman and Flottorp, 12 one of the most influential factors that hinders the implementation of guidelines. This concept may account for the observation that the physicians interviewed in the present study consistently overestimated their knowledge. Selfperception that is higher than factual knowledge leads to dangerous attitudes which, in turn, lead to incomplete management and, therefore, a decrease in patient safety. 13 Barriers that hinder the implementation of guidelines are complex and multifactorial including: structural barriers (poor access to guidelines); personal barriers (psychological perception that the guidelines will not improve outcomes); and environmental/ social barriers (resistance to peer pressure to adhere to the guidelines). 6 Lohr et al. 14 described the fear, on the part of clinicians, that guidelines rebut clinical intuition and pathophysiological rationale; Pollock et al. 15 have attributed a causal connection to a lack of time for physicians to be able to read the latest research results. Forsetlund and Bjørndal 16 described the fact that physicians often attach more importance to clinical experience than to scientific evidence. Interviewees were asked to visualize how much they agreed with questions by setting a mark on a 10-cm visual analogue scale (VAS).
Coleman and Nicholl 17 have demonstrated that, for senior health professionals in particular, willingness to integrate new scientific results into their clinical practice is low. This may particularly hold true for internet-based search engines and other types of innovative, mobile information tools, technologies and networks. 18 The attempt to overcome barriers to SOP accessibility in the present study -and thereby increase SOP use -by providing all emergency physicians and paramedics with access to both electronic and printed versions, showed no significant change in pre-hospital treatment regimens. Distributing written material without further implementation strategies does not seem to support a change in patient care and does not help to improve adherence to guidelines. 7, 19 To implement guidelines effectively, a combination of different methods is necessary. 20 An implementation strategy is needed that is based on a sound analysis of the factors that hinder implementation. Grol and Wensing 9 analysed numerous strategies and found that most addressed only a single aspect of a problem; they concluded that an implementation strategy needs to be a combination of different methods. Specific interventions need to be tailored to address the particular situation for each individual barrier to the implementation process. Only with a combination of training, staff motivation and continuous quality management can an improved outcome be achieved. VanRooyen et al. 21 found that quality management is perceived by staff as having little or no positive effect on quality improvement. In 80% of all clinical situations in the present study, the emergency physicians interviewed found the guidelines to be helpful; in only 15% of all clinical situations did physicians not find them useful. This accounts for almost every seventh scenario, which leads, according to Reason, 13 to incomplete management in care performance and, therefore, a worse outcome. Thus, we believe that an implementation strategy is of crucial importance. It needs to be based on an exact analysis of the situation and should combine different interventional approaches (and incorporate health workers themselves in the quality initiative) to demonstrate the importance of guideline adherence. It is important to be able to understand health workers' perceptions, fears and attitudes; to provide sufficient leadership as role models for guideline adherence; and also to communicate and supervise the implementation to reach common goals, which are to improve the quality of care and patient safety by guideline adherence.
Although the interviews were confidential, the fact that the investigators were not independent observers but, instead, were part of the organizational leadership of the emergency physician team may have affected the interviewees and subsequently biased their answers. Among a total of 1000 EMS-PCR analysed, 78 were considered eligible for the analysis, a number that appears to be relatively low. The improvement in the clinical parameters of patients treated for aeCOPD has not been shown. De Gyendt 22 noted that improvement of outcome indicators is a presumptive result of improving the process. Both external and internal factors within the healthcare system affect outcome. Mancey-Jones and Brugha 23 stated, however, that 'outcome measures are not always appropriate to assess quality.'
Only the first step of initiating a quality management for emergency medicine was investigated in the present study. Nevertheless, we are convinced that this method is necessary to identify the isolated In conclusion, introducing an SOP as a single measure was efficient with respect to the application of β 2 -mimetics. It was not, however, sufficient with respect to assessing good medical history and to the correct application of intravenous steroids and theophyline in severe cases. Thus, an implementation strategy is needed that includes continuous educational team training on clinical management and organizational skills, as well as on communication, decision-making and leadership. Problem-based peer review and simulation training with an entire team could enhance learning and the practical application of SOP content, in order to improve quality of care to the desired level.
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